A physically based model for assessment of shallow landslides triggered by heavy rainfall was analysed, applied, and validated to a case in the Khao Phnom, Krab i, Thailand. Th is model is based on the coupling of the hydrological model with an infin ite slope stability model. Modified Green-A mpt model and steady groundwater flo w model were used in the hydrological model. The d istributions of rain fall intensity were obtained fro m eighteen rain gauges around the landslides. The model pred iction capability was evaluated by using the receiver operating characteristic (ROC) curve. Considering to the analysis results, it was found that the model can predict the unstable areas (FS<1) where occur the hillslopes surrounding the peak of the mountain. The accuracy of the model was 0.737 for the Khao Phnom landslide.
INTRODUCTION
In Thailand, landslides tropically occur in the monsoon season or after the rainstorm events which caused the several fatalities, infrastructure damages, and property losses. Many researchers have documented and researched severe landslides. For example between 19-23,November 1988, the extremely intense rainfall triggered landslides in the southern Thailand, 373 lives were lost and properties damaged about 280 million USD 1) . Nam ko area located in Lom Sak, Phetchabun, Thailand. 136 people lost their lives and 109 people were injured, moreover, the economic loss caused by these landslides and debris flows were about 15 million USD 2) . Moreover, the landslides events which also occurred in Chiang Mai, Tak, Mae Hong Son Provinces in May 2004 3) . It is an important to analyse the landslide susceptibility on the regional scale for landslide hazard prevention and mitigation.
Numerous researchers use many physically based models to assess and predict the effect of intense rainfalls on a stability of slope on a regional and local scale such as, SIMMAP, TRIGRS, SLIP, and SHETRAN. The physically based models have many advantages because they consider the physical slope stability analysis method and the variance of pore-water pressure or groundwater table due to rainfall as the main trigger factor. In contrast, these models require complicated parameters as an input to calculate. Therefore, the main objective of this research is to develop the physically based model for predicting a shallow landslide on a regional scale using GIS platform which is accurate enough for simulations but uses simple input parameters. The proposed physically based model combines the steady state groundwater flow concepts with infinite slope model. The model was examined and verified accuracy by using the past landslide case in Thailand.
THE SIMPLIFIED MODEL (1) Geotechnical infinite slope stability model
In this study, an infinite slope model was used in the physically based model because of its effectiveness in landslide analysis 4) . The slip mechanism for this model is parallel to the surface of the slope and the depth of slip plane is shallow compared with the failure length, as illustrated Fig.1 . Generally, the stability of slope is defined in term of factor of safety (FOS). The factor of safety is the ratio between shear strength of soil and shear stress developed along the potential failure plane. FOS is computed as shown in The shear strength of the soil is estimated using the Mohr-Coulomb failure criterion as shown in equation 2.
where c is the effective cohesion of soil,   is the normal effective stress on the potential failure plane, and   is the effective friction angle.
To considering, the shear stress developed along the potential failure plane is based on the sliding mass with the groundwater and assume that the groundwater flow is parallel to the slope surface. The shear stress is shown in equation 3. 
where c is the effective cohesion of soil,  is the slope angle, D is the soil depth, m is the height of water table above failure plane,   is the soil buoyant density, t  is the total soil density, sat  is the saturated soil density, and   is the effective friction angle.
(2) Hydrological model
Generally, the effect of rainfall is infiltration into the ground contributing to two factors which influence stability 1) an increase of unit weight as degree of saturation increase and 2) seepage forces. The groundwater recharge is determined by using the hydrometeorological model that is based on meteoroligical factors. The recharge can be obtained by deduction runoff and evapotranspiration from precipitation as shown in equation 5.
5)
where R is the groundwater recharge, P is the precipitation, R Q is the runoff, E is the evapotranspiration, t S is the storage, and y S is the synthetic elements. The evapotranspiration and the synthethic element will be neglected for rainfall-induced change in groundwater to analyze slope failure 4) . For simplification, the contributions due to the storage will be neglected 5) . In term of the runoff, it is fuction of precipitation and the rainwater that infiltrated into the ground, so it can be expressed in equation 6 .
Hence,
where I is the rainwater infiltration. In this study, the modified Green-Ampt equation was used to calculate the infiltration which developed for sloping surfaces 6) . The Green-Ampt equation is a simplified representation of the infiltration process that assumes a homogeneous soil layer and a uniform distribution of initial soil moisture content. It can generate good agreement results with complex and rigorous models 7), 8) . Equation 8 shows the infiltration rate equation and equation 9 shows the cumulative infiltration at the time.
where i is the infiltration rate at time,
 
It is the cumulative infiltration at time, k is the coefficient of hydraulic conductivity,   is the volumetric water content deficit, t is time, and  is the slope angle.
In the hydrologic model, the subsurfaces flow in the saturated zone (groundwater zone) is based on steady-state condition and the water table is parallel to the topography. The model divides an area into grid of topographic elements from a digital elevation model of GIS and calculates the depth of subsurface 
where q is the groundwater discharge, m is the water table height, and b is the width.
Conbination of equation 10 and 11, the steady water table height can predict as a following. 
(3) Model evaluation
The model performance is evaluated by using the receiver operating characteristic (ROC) that is chosen to comfirm the correlation between the predicted a factor of safety and the actual landslide scars. ROC is very useful for evaluating the accuracy of the model 9) . ROC curve is a plot of the true positive rate (sensitivity) versus the false positive rate (1-specificity). There are 4 types of possible outcomes. True positive (TP) is actual landslide grids that are predicted as instability grids. False positive (FP) is actual stable grids that are predicted as instability grids. False negative (FN) is actual landslide grids that are predicted as stable grids. True negative (TN) is actual stable grids that are predicted as stable grids. Fig.2 shows the possible outcomes of receiver operating characteristic. The true positive rate can be calculated using an equation 13. The false positive rate can be computed using an equation 14. The accuracy can be calculated using an equation 15. 
MODEL APPLICABILITY
The physically based model is applied to the 2011 disastrous landslides at Khao Phanom mountain located in the central area of the Krabi province, Thailand. Large landslides, floods and debris flow were observed in Krabi and other provinces. In krabi, 10 people lost their lives. Moreover, 3 districts were seriously damaged and evacuated many people to safety areas. The debris flow length was about 3 km and the large granitie boulders (diameter > 10 meter) were observed at 2 km from the landslide origin 10) . The landslide event occurred due to unseasonably heavy rain. The 3-day rainfall accumulation is over 350 mm that was officially reported by a rain gauge of Krabi weather station (48563) near the Krabi airport.
The physically based model requires the several input parameters. In this study, ArcGIS, as a GIS-based application, was used to determine and prepare the geography parameters and hydrological parameters, moreover, it was used to present the results of computation. Elevation data were obtained from the ASTER Global Digital Elevation Model Version 2 (GDEM V2) collaboratively developed by the National Aeronautics and Space Administration (NASA) and the Ministry of Economy, Trade and Industry of Japan (METI). The slope angle is obtained from the 30 meters resolution ASTER GDEM V2 using the Spatial Analyst Tool of ArcGIS. The soil strength and soil depth parameters were obtained from the literature. Table 1 shows the soil strength parameters that used to calculate in this case. The purpose of the study is setting a spatial resolution of 50 meters in each grid cells. Rainfall is a major landslide triggering that the distribution, intensity, and duration of rainfall are requirement parameters of the physically based model. In this study, the 24-hour rainfall used the data from eighteen weather stations near the Krabi province that were provided by Thai Meteorological Department (TMD). To estimate a rainfall distribution in this landslide area by using the Kriging method in the Spatial Analyst Tool of ArcGIS. Fig.3 shows the distribution of rainfall on 28 August 2011in the southern Thailand. Fig.4 shows the rainfall distribution of rainfall on 29 August 2011 in the southern Thailand. Fig.5 shows the 24-hour rainfall
and cumulative rainfall of rain gauge near the landslide area. The heavy rain fell over the southern region of Thailand. On 28 August 2011, the heavy rain occurred on the east coast of peninsula and the heavy rain moved to the west coast of peninsula on 29 August 2011. The maximum 24-hour rainfall was 414.7 mm that was officially reported by the rain gauge of Thai Meteorological Department at the Samut island. The localization of these landslides is obtained from the aerial photography was provided by the NASA EO-1 team, which took photograph of the landslide scars using EO-1 -ALI. Fig.6 shows the conceptual framework for analysis of the physically based model. It can download from website (https://earthobservatory.nasa.gov/IOTD/view.php?i d=49976). 
RESULTS AND DISCUSSION
To evaluate the performance the physically based model using ROC that compared the predicted results of the model and the actual landslide at the Khao Phanom mountain. The predicted FOS of grid cells is less than 1 (FOS < 1) is defined instability. The predicted FOS of grid cells is more than 1 (FOS > 1) is defined stability. The true positive rate was calculated as 0.772 and the false positive rate was evaluated as 0.317. Regarding the accuracy of the physically based model, it was found that the accuracy was evaluated as 0.737. Fig.7 shows the receiver operating characteristic curves of the model. The curve of ROC appeared above of the random guess line (black line in Fig 7) , near the true positive rate axis. This result indicates that the physically-based mocel has a good performance for landslide prediction. The area under curve of ROC is 0.73. Fig.8 shows FOS map for the days when the landslides occurred and to compare with the actual landslide scars. Considering to the FOS map, it was found that the instability zone (FOS < 1) occurs the steep slopes surrounding the peak of the mountain that is good agreement with the landslide scars. Regarding the geological property, it was that the parent rock of soil at the Khoa Phanom mountain is the granite is the most susceptible to cause landslide in Thailand 10) . According to the disaster report, it reported that the landslide scars were mostly found in the granitic mountain, moreover, the debris flow and mod flow occurred downstream of the areas.
Considering to the results of the model, it was found that the unstable areas is overestimated by this model which is consistent with other researches that studied on regional scale 12), 13) . Hence, the capability of this model is moderately good and it is rather conservative for prediction. As previously described, the soil strength parameters is an important requriment in the physically based model, consequently, the limitation of spatial dataset of soil strength properties is significant effect on the predicted result of this model. Moreover, the complicated of the spatial datasets, such as the rainfall distribution, slope angle, also affect to this physically based model. 
CONCLUSIONS
This paper reports results of its potential for application the physically based model for analysis the landslide hazard in Thailand. The 2011 Krabi landslide has employed to validate the accuracy of this model which was evaluated using the ROC curve. The physically based model combined the hydrolo gical model and infinite slope stability model. This model can predict the slope instability zone and is the good correspondence between the predicted unstable zone and actual landslide scars. The accuracy of this model for the 2011 Krabi landslide is 0.737. So, the model is the good performance in predicting the landslide, although, the model is to overestimate unstable zone. According to the results of analysis, it was found that the uncertainties of input data are a significant effect on the performance and capability of this physically based model. However, the result of this case demonstrated that this physically based model is potentially able to become a practical method for assessing landslide hazards on a regional scale in Thailand. Finally, the challenge of increase the accuracy and capability of the physically based model is an adjustment the uncertainties of input parameters.
